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Blazars

sAGN

eHighly variable at all frequencies
eHighly polarized

eRadio core dominance
eSuperluminal speeds

Observed at a small angle to the jet and
therefore rare AGN : 5-8% of all AGN
(but only at optical or X-ray frequencies!)

Blazars are the dominant population of
extragalactic point sources at

e Gamma-ray
e TeV
e Microwave frequencies



Two types of Blazars:
BL Lacs: no strong lines; no strong cosmological evolution

1RYS J124149 f—14555 TR J094.355.3-07094
12[:'_|||||||||||||||||||||||||||||||||||||||_ 4_""""'|""""'|""""'|""""'_
100 J . T
T i . 1
2 sof 1 = I |
~ I ] . . G Mglo
W BD C __ s - |
N [ 2 2r CaH
40 [
2[}_IIIIIIIII|IIIIIIIII|IIIIIIIII|IIIIIIIII 1_|||||||||||||||||||||||||||||||||||||||_
4000 2000 BO0x 000 glon 4000 H000 BUG J000 8000
Wavelength {Angstroms} Wavelength {Angstroms)
FSRQS : strong and broad emission lines; strong cosmological evolution
WGAJ1213.0+3248 WGAJ1010.8—-0201
EIJ | T T TrTrerrrfrrerrrey T L L ] S
251 -
E-G - L}"Ca: - C "C”] |
i} . QG:‘ ” Mgl _
o 15F | CIv ‘ o H_ ) |, 1 i
- [ |l _ TN || _
; f clll N | W, | ]
ER J | ] g ERRTSYY A [Nev] HB+[0I]2
) Il ! e /| ] | AN H? |
5 Wﬂi‘l i Iul.-'ﬁ‘hl'l (},JY '.,-'I.'K'Iﬁllﬁ | H"Il n# '_ 5 ﬂ'\_,-"w\l 'I'\q_Av'"' 1y " ]
i '-“’“‘-w""'-n.l“|‘m"l|""n',ﬂr IW hh'np‘q E Ve 'ﬁ.,llwfli

4000 5000 6000 7000 8000 9000 10000 4000 5000 e00C 7000 B80CO 900G 10000
Wavelength (Angstroms) Wovelength (Angstroms)



vi(v) (erg em %1}

—-12

The overall Spectral Energy Distribution (SED)
of a typical Blazar : 3C 279
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BeppoSAX Blazars
Observations Statistics

116 pointings of 60 BL Lacs for a total exposure of ~3.5Ms
83 pointings of 49 Radio Loud QSOs, exposure of~3.3Ms

About 15% of the full BeppoSAX scientific program.



BeppoSAX spectral fits
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Fig. 4. Spectral energy distributions of a typical LBL  object (PG 14184546,
Vpeak = 0.4 eV = 8 x 10"Hz) for which the X-ray emission is dominated by the flat in-
verse Clompton radiation and of an Intermediate BL Lae (ON 231, vpeae =2 1 eV 22 2% 101 Hz)
where the simultaneoms optical and BeppoSAX observations [Tagliaferri et al. 2000) clearly
show that the transition between the synchrotron and inverse Compton emission occurs in the
golt X-ray band.
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Fig. 5. Spectral energy distributions of HBLs where the X-ray emission is completely dominated
by synchrotron radiation. In the case of PKS 2155304 vy, is at = 50 eV =2 x10™ Hz while
for the extreme HBL 1H 14304423 ppear i3 above 10 keV.



BeppoSAX NFI data: BL Lacertae
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i~ SED+Model for source: sed_J1104p3812 - Netscape
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Radio Microwave  Optical X-Ray v-Ray TeV
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UHBLs as counterparts of EGRET
high Iblll unidentified sources?

IRXS J 123511.1-14033
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UHBLs as counterparts of EGRET
high Iblll unidentified sources?

Well, may be not...
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UHBLs as counterparts of EGRET
high Iblll unidentified sources?

But a few days later...
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A detailed analysis of all BeppoSAX observationd of MKN 421
Massaro, Perri, Giommi, Nesci, 2003 A&A in press
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BeppoSAX spectral fits : main results

In HBL Objects, where the synchrotron component
dominates the -ray spectrum, the logarithmic parabola
model describes the data significanly better than other
models

This is interpreted as evidence of intrinsic curvature
in the particle sepctrum rather then cooling.

Such a curvature can be obtained in simple statistical
acceleration processes where the probability for a
particle to increase its energy is a decreasing function
of energy itself.



5. Statistical particle acceleration and
log-parabolic spectra

5.1. Energy distribution of accelerated particles

The energy spectrum of accelerated particles by some sta-
tistical process, like a shock wave, is usually written as a
power law

N{>~) = Nolyfv)"* : (6)

where N{> +) is the number of particles having a Lorentz
factor greater than v and s is the spectral index given by:

_Logp
Log e ’

5= (7)
here p is the probability that a particle is subject to the
acceleration step ¢ in which it has an energy gain equal to
e assumed both independent of energy :

Vi = €Yie1 (8)
and
;ﬁlrg = Pf'hrﬂ'_]_ - ;ﬁlurﬂ PE {g'j

A log-parabolic energy spectrum follows when the con-
dition that pis independent of energy is released and one
assumes that it can be described by a power relation as:

pi = g/v! , (10

where g and ¢ are constant; in particular, for g > 0 the
probability for a particle to be accelerated is lower and
lower when its energy decreases. Such a situation can be
realized, for instance, if particles are confined by a mag-
netic field with confinement efficiency decreasing for an
increasing pyration radius. After simple calculations opne
finds instead of Eq.(9):

i

;ﬁlir" -_ ;ﬁluirﬂ % {1 1:|
ITi—a i
Using Eq.(8) one can write this product as:
i—1 i—1
i i ifi—1
[ = wlle =@ a2
=0 j=t

where oy 18 the initial Lorentz factor of the particles; in-
serting this result into Eq.(11) we obtain:

Ni = No (L) (e)iti-n/2
Yo

(13)

Finally, combining this equation with Eq.(8) one can
obtain the integral energy distribution of the accelerated
particles:

N(> ) = No(y/7yo) *Hriealr/m) (14)
with

Loglg/vw) g
5 = —Lu—ylllllf — E {15:'
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WMAP bright foreground
source catalog

208 bright sources, of which

WMAP CMB fluctuation map

140 FSRQs

23 BL Lacs

13 Radio galaxies

5 Steep Spectrum QSOs
o2 starburst galaxies

o2 planetary nebule

e17 unidentified
; SR ksl T : 6 without radio counterpart
WMAPNASA : — - .“_:-":__-. .-'I S == g (prObany SpuriOUS)

The vast majority of bright WMAP
foreground sources are Blazars
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Boomerang 90 GHz CMB MAP
De Bernardis et al. 2000
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The Blazar LogN-LogS
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Blazar Surveys
“Classical Approach”

BL Lacs

== | Jy, radio flux limited, SGHz (34 objects)
= EMSS, X-ray flux limited (41 objects)
== [PC Slew Survey, X-ray (51)

Flat spectrum Radio Quasars

=2 Jy, radio flux limited, 2.7 GHz (52 objects)



Blazar Surveys
Recent multi-frequency BL Lac samples

@DXRBS Deep X-ray Radio Blazar Survey
Radio (BG6, PMN) f ., > 50 mJy, X-ray (ROSAT WGACAT) f,
44 objects ~ 95% identified
®RGB RASS-Green Bank
Radio (GBO), f,;, >20 mJy, X-ray ROSAT All Sky Survey f(o. 124kev) >~ 3*10713 cgs
Optical mg; < 18 ~94% identified
33 objects in complete sample, 127 total
®REX Radio Emitting X-ray survey
X-ray (ROSAT PSPC serendipitous sources) f(
Radio (NVSS) f, , .., >S5 mly
72 objects , 30% identified,
sub-sample of 55 objects (f(

~ D%k -14
0.1-24keV) = 27107 cgs

~ %k -14
0.1-24keV) = 3*107" cgs,

0124keyy > 4107 cgs) ~90% identified
® Sedentary multi-frequency survey (extreme HBL s only)
X-ray RASS (f |54 ey, >~ 107" cgs), radio NVSS (f
optical APM/COSMOS/GSC2
153 objects, 100% identified

L4GH, > 3.5 mly),



Blazar Surveys

Recent multi-frequency BL Lac samples
Continued..

®CLASS Cosmic Lens All Sky Survey
Radio (GB6,NVSS) f .., >30 mlJy, Optical R < 1.7.5, a_,
4’7 objects ~ 70% identified
@ FIRST Flat Spectrum sample
Radio (FIRST), f, ,;;, >35 mlJy, GB6 f .
A4, < 0.5 87 sources ~84% identified
@ RASS-ASDC 1]y sample
Radio (NVSS) f, , .., > 1000 mJy, X-ray RASS (f(
25 objects , 93% identified

<0.5

dio

1, > 20 mly, optical B < 19

% -14
0.1—2.4keV)>8 107 cgs),
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parameters The ASDC catalog of known Blazars =
# Name & Ra &
Dec
oo (updated to September 2003)
(E -
THT
@ (1250 ObJeCtS) RESET @ e
£ " S RA {.J2000.0) |Dec (J2000.0) Redshift vin Source
ntry number ource hame | hhmm ss.d > || dd mm ssd x| | 2 | a classification
Subset selection mode:
1 @ R¥S JO0031-180 00 03 07.8 -16 05 43.9 0.054 13.2 BL Lac
2 @ SEG JO00D4+20119 00 04 35.7 +2019 418 0.677 20.8 BL Lac
3 @ MRAD 5 00 06 13.8 -06 23 35.8 0.347 16.5 unidentified
4 @ RS JO0063+105 00 06 20.3 +10 51 51.1 0164 17.3 BL Lac
5 @ R¥ JO0OD73+4711 00 07 59.8 +47 12 06.8 026 16.3 BL Lac
[ @ R¥S JOD0G5-233 00 08 35.3 -23 39 26.9 0147 17.8 BL Lac
7 @ WEAJO0T0.5-3 0010 33.6 -30 27 14.0 113 1391 Q50 radio loud
8 @ 202 J001037-29 0010374 -29 04 02.9 a 138 BL Lac
q @ WEAJO0T0.7-3 0010432 -56 49 27.8 2.06 16.2 Q50 radio loud
10 @ WEAJO0TT.2-3 0011138 -36 20 351 2.324 216 Q50 radio loud
11 @ kTG 00.01.036 0011 39.6 -00 28 271 0.059 15.6 BL Lac
12 @ WiEAJ0012.5-1 001 33.6 -16 28 59.8 0151 147 Q50 radio loud
13 @ 1RX¥5J001356 0013 564 -16 54 06.8 0.035 16.8 BL Lac
14 @ R¥S JO0141-502 0014108 -a0 22 35.0 a 16.5 BL Lac
15 @ kS 00117+0837 0014187 +08 54 039 0162 17.5 BL Lac
16 @ WEAJ00T4.5-3 0014 34.0 -30 59 211 2. 785 183 Q50 radio loud =
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The broad-band color-color plane
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The ASDC Blazar candidate sample

Cross-correlation between A, <250.,and
NVSS and RASS radio and X-ray surveys. < 0.8 arcmin
Optical magnitudes from GSC2 O, and O, within

(assuming Jmag < 19.5 when no counterpart is found in GSC2) Blazar area

T I Over 7400 objects (500
S : ‘ of which are included in

the catalog of known

Blazars).

A subsample of about

I 450 objects for which

' Sloan survey data are

available is being used to

estimate the quality of

the sample
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